Effective exon skipping and restoration of dystrophin expression by peptide nucleic acid antisense oligonucleotides in mdx mice.
Duchenne muscular dystrophy (DMD) is the most common and severe form of muscular dystrophy, arising from mutations in the dystrophin gene that preclude the synthesis of functional protein. Antisense oligonucleotides (AOs) have been shown to induce specific exon skipping and thereby restore the reading frame and expression of functional dystrophin. In this report, we examine the effects of peptide nucleic acid (PNA) oligonucleotides and PNAs conjugated with peptides including TAT, muscle-specific peptide (MSP), adeno-associated virus 6 (AAV6) functional domain (AAV6), and AAV8 functional domain (AAV8), on exon skipping in vitro and in vivo. Efficient skipping of targeted exon 23 was achieved in cultured mdx myoblasts with PNA and PNA-peptide conjugates. Furthermore, single intramuscular injections of PNA and all PNA-peptide conjugates resulted in significant numbers of dystrophin-positive fibers in the injected tibialis anterior (TA) muscles of mdx mice, with no apparent local toxicity. Similar effects of exon skipping and dystrophin expression were obtained in mice of all ages. PNA and PNA-AAV6, PNA-AAV8 conjugates induced dystrophin expression in a dose-dependent manner. Our results demonstrate that PNAs have a higher efficiency of exon skipping than 2'O methyl phosphorothioate AOs do, and have a potential use in AO chemistry for antisense therapy of DMD.